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1. Introduction
This document focuses on out-of-coverage D2D communications for public safety. In the RAN2#83 we presented a paper looking at how a pure cluster head approach would work [1]. In this case the cluster head would transmit a form of system information and would be responsible for scheduling/resource allocation. In effect it would act like a simplified eNode B. 
In this paper we look at an alternative situation where at a RAN2 level there is no cluster head but just peer UEs. In this scenario we would have connectionless system; UEs would select appropriate free resources and transmit data, having appended a header indicating the intended recipients ID, in these resource. 
It should be noted that although we look at a connectionless approach from the RAN2 perspective this does not preclude the use of a cluster head to obtain synchronisation [2]. Indeed we still believe that the approach detailed in [1] is workable given the comments in [3]. However we have an open mind and believe that it is necessary to agree the basic structure of the connectionless approach so that it will be possible to correctly simulate performance and so obtain outage versus capacity figures. The purpose of this document is to scope out a basic understanding of the structure of a connectionless system for LTE D2D communications for public safety.
2. Basic assumptions
The following are the basic assumptions on which this document is based
1. The target traffic is voice, typically in a PTT style unidirectional mode.

2. Group communications, i.e. a one-to-many approach such that UEs do not need to be discovered before they can communicate because the group IDs are known a priori.

3. Connectionless functionality. No cluster controller of head node is present so that UEs do not have to obtain a c-plane connection with this entity before sending data and are not assigned resources via this control plane connection. Typically then a UE will simply append an  ID (given point 1 likely to be a group ID) to any data and simply transmit this in physical resources it selects itself. 

4. Synchronisation at the subframe level is provided. This could be either via a single UE entity providing sync or via a distributed method, in either case the exact mechanism for achieving this is the responsibility of RAN1 and is not considered further here (although GDB believes the cluster head approach for synchronisation provides the best solution [2]) 
5. Some reuse of RAN1 physical channels is highly desirable and it is assumed in the rest of this document that a modified form of PUSCH is used. The use of PUSCH has been suggested extensively in RAN1 by a number of companies, see [4-8].
6. Despite the initial emphasis on voice traffic in group mode design decisions should not limit future enhancements such as one-to-one voice, higher rate data services or relay functionality.

The use of connectionless functionality results in a number of implications to the functionality that can be employed. The key issues are listed below: 
1. Connectionless functionality typically implies that RLC TM mode must be employed. 

2. Because no system information is transmitted there can be no common notion of SFN, so it would not be possible, as an example, to assign a particular frame to one particular traffic type or another. However if conventional sync signals (SSS and PSS) are used at layer 1 then the UEs will have frame synchronisation so would have a common notion of subframe number, i.e. it would be possible to assign a particular subframe to one particular traffic type or group.
3. No centralised scheduler so UEs will have to organise resource usage autonomously. Typical schemes used in such circumstances are CSMA (carrier sense multiple access) based whereby UEs wishing to send data first sense the carrier before choosing a resource appropriately.
4. Each UE must have an a priori allocated user ID and must also know a priori the group IDs they are interested in.

5. Difficult to provide more than a limited set of services and to provide QoS support.

3. System architecture proposal

We wish to use conventional PUSCH layer 1 structure so must maintain 1ms TTI.
However voice codecs typically have a TTI of 20ms.

We assume that synchronisation between UEs at a subframe level is provided. However presumably because there is no signalled timing advance the PUSCH structure is modified (symbols removed) so that it can move around inside the subframe.

If we make the assumption that no segmentation in RLC with connectionless operation is possible then a single transport block must be capable of carrying the whole 20ms voice packet in a single 1ms TTI.
Since there is no centralised controller in the connectionless case the MCS employed will need to be fixed and know a priori.

With the above points in mind we draw a possible channel structure for the D2D connectionless case where we intend only to support voice services. In effect we have multiple voice channels whose width (i.e. number of RBs) is determined by:
 (Codec block size + MAC header) / TB size given fixed determined MCS
Note that in LMR cases the codec rate is typically low e.g. 4.8kbps, so assuming a 20ms TTI the codec block size is 96 bits.
Finally we assume that it would be beneficial that when a UE has chosen a particular resource block using the CSMA approach it maintains this choice of resource during the voice call. This means that once receiving UEs have detected a call they are interested in they do not need to continue to search the entire resource space.  It also reduces the chance of collisions occurring with existing voice calls.
Thus the channel structure as shown in Figure 1 below is derived.
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Figure 1 Possible architecture for a connectionless approach to D2D voice communications
Sender operation : 
1. UE looks across the channels to see if there are any transmissions in the channel. One issue which becomes obvious is that in order to search for free resources efficiently the UE needs to know that voice transmissions occur with a defined periodicity. This is a modification to typical CSMA functionality and comes about because of the policy of maintaining the selected channel once it has been initially chosen.
2. The UE would then choose randomly from the channels where it decided that there were no other transmissions.

3. UE constructs MAC PDU by appending the ID of the destination (and probably also the ID of the sender too).
4. Transmits in selected resources.
Receiver operation :
1. UE needs to look across the entire resource space and decode all transmitted PUSCHs to see if there is anything that it would like to receive.

2. It will need to do the above in every subframe (although it might be possible to have an a priori assignment of certain groups to certain subframes).
3. Whenever it receives data with an ID appended that it was configured to receive then this would be passed up to higher layers (after stripping off ID header).

4. The UE then might be able to assume a known fixed periodicity to ease requirements to search in every channel in every subframe.

Observation 1: If voice services, which represent a low rate but periodic resource requirement, are the target service then if a connectionless scenario is envisioned the resource space will need to have a fixed partition to reflect this.  
Observation 2: Efficient CSMA functionality needs knowledge of this periodic resource requirement.
Problems with this approach

1. Before a call has been established receiving UEs needs to listen across entire resource space.
2. The hidden node problem – there is an interferer close to the intended recipient UE that the sender cannot see.

3. It would be hard to extend this structure to services other than voice.
4. Even with the carrier sense mechanism we cannot guarantee that there is no collision, i.e. two UEs look for and select the same resources at the same time. 
4. Introduction of a reservation channel

A major problem with the structure illustrated in Figure 1 is that UEs looking for group transmissions must look across the whole channel bandwidth in every subframe to see if data is being sent to a group ID they are interested in. This is highly undesirable.
A possible solution to this problem is the introduction of a reservation channel. The operation of this for the group case is illustrated in Figure 2 below
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Figure 2 Use of a reservation channel in D2D communication
A further benefit of the reservation channel is that it provides a mechanism to alleviate the ‘hidden node problem’. The recipient provides an acknowledgement on the reservation channel which enables the recipient UE to reject the proposed resources, because it detects interference on them, and possibly suggest others. In this way a form of channelised CSMA/CA (CSMA with collision avoidance) utilising RTS/CTS (request to transmit / clear to send) is implemented. 
Also because the sender must see an acknowledgement back from the recipient it can know that its original invitation has not collided with another sender advertising at the same time. A simple timeout mechanism could be implemented so that if no response was received for a certain timeout period the invitation would have assumed to have collided and would be retransmitted.
Finally it would be possible to remove the destination ID from the transmitted voice packet as this will have been indicated in the reservation channel. However given the chance of collisions it may be decided this is still needed for extra protection.

This mechanism is illustrated below:
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Figure 3 Possible CTS/RTS mechanism on reservation channel
Observation 3: The use of a reservation channel is essential for efficient resource usage in a connectionless system.  

However the recipient response solution only applies to the one-to-one case. For the group call case it will clearly be difficult to rely on a similar mechanism because  it would be difficult to provide a single acknowledgement response when there are many recipient UEs. A simple invitation message followed by traffic transmission, as illustrated in Figure 2, may have to be used and this is clearly subject to collisions.
Observation 4: Mechanisms to avoid collisions in the group communications case, where acknowledgement of invite is difficult to achieve should be investigated or collisions will occur.
Observation 5: Also because of the lack of the possibility of proper CTS/RTS in group communications the hidden node problem cannot be fully avoided. 
Note that we also believe that this additional channel could be used for discovery as well as reservation, although of course this is only needed for the one-to-one rather than group case.
6. Providing services other than voice
Another advantage of the reservation channel approach is that it allows an extension of the D2D functionality to services other than voice. The reservation channel can indicate different volumes and periodicities of resources. This is illustrated below:
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Figure 4 Higher rate services could also be supported in connectionless configuration using reservation channel
Although group voice communications is the current priority, mechanisms should be provided which allow extension to additional services.
Observation 6: The use of a reservation channel allows for a variety of services to be provided in the connectionless scenario.  
Note also that if a service other than voice was to be implemented, some form of segmentation functionality in RLC will also be required.
7. Conclusion

This paper has looked at the issues arising from the use of connectionless functionality to provide D2D communications. We present a basic structure for connectionless voice communications and show that the use of a reservation channel can be used to improve performance and how this can be used to implement a CSMA RTS/CTS approach and which could at a later date be extended to services other than voice. However some of the RTS/CTS mechanisms may not be applicable to the group communications case.
Proposal 1: This document provides a structure which can be used to as a baseline for later simulations.
Proposal 2: RAN2 should consider the use of a reservation channel to allow UEs to declare their intention to start a transmission and the physical resources they would like to use.

Proposal 3: RAN2 should look at ways in which this reservation channel can be used efficiently in the group communications mode.

Proposal 4: Although the short term target is voice communications in group mode any solutions should not prevent one-to-one or higher rate D2D services being implemented efficiently in the longer term.
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